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•  To	
  support	
  the	
  Na2onal	
  Weather	
  Service’s	
  
mission	
  by	
  producing	
  the	
  best	
  es2mate	
  of	
  
snow	
  water	
  equivalent	
  using	
  all	
  available	
  data	
  
including	
  satellite,	
  airborne,	
  and	
  in-­‐situ	
  
observa2ons	
  to	
  protect	
  life	
  and	
  property	
  and	
  
the	
  enhancement	
  of	
  the	
  na2onal	
  economy.	
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•  PRODUCTS	
  
•  Hourly	
  and	
  Daily	
  
•  1	
  km2	
  Resolu2on	
  

•  INTERNET	
  
•  Interac2ve	
  Maps	
  

•  3D	
  Visualiza2on	
  

•  e.g.	
  Google	
  Earth	
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  loops	
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  Discussions	
  
•  Text	
  summaries	
  	
  by	
  
watershed	
  

•  Point	
  Queries	
  

•  DIRECT	
  FEED	
  
•  Push	
  or	
  Pull	
  
•  Gridded	
  Data	
  

•  Flat	
  Binary	
  or	
  GIS-­‐ready	
  



Ground	
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Mul?-­‐sensor	
  	
  	
  	
  Snow	
  
Observa?ons	
  

•  Na?onal	
  Weather	
  Service	
  
–  First-­‐order	
  Sta2ons	
  
–  Coopera2ves	
  	
  

•  Federal	
  and	
  State	
  Agencies	
  
–  NRCS	
  SNOTEL	
  and	
  Snow	
  Courses	
  
–  USACE	
  New	
  England	
  District	
  Snow	
  Surveys	
  
–  Federal	
  Avia2on	
  Administra2on	
  
–  California	
  Dept.	
  of	
  Water	
  Resources	
  

•  Regional	
  Mesonets	
  and	
  Surveys	
  
–  State	
  Mesonets	
  
–  CoCoRAHS	
  
–  MesoWest	
  (150	
  smaller	
  mesonets)	
  

•  Interna?onal	
  Agencies	
  
–  St.	
  John	
  River	
  Basin	
  
–  Environment	
  Canada	
  
–  BC	
  Hydro	
  

Over	
  50,000	
  Current	
  Repor?ng	
  Sta?ons	
  /	
  over	
  125,000	
  in	
  NOHRSC	
  database	
  

Na2onal	
  Snow	
  Analysis	
  



All	
  Repor2ng	
  Sta2ons	
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In	
  2012	
  NOHRSC	
  received	
  6,370,790	
  SWE	
  observa2ons	
  
And	
  8,234,088	
  Snow	
  Depth	
  Observa2ons	
  	
  	
  

Oct	
  1,	
  2010	
  –	
  May	
  15,	
  2011	
  Oct	
  1,	
  2010	
  –	
  May	
  15,	
  2011	
  2010	
  to	
  2011	
  

SWE	
  Repor2ng	
  Sta2ons	
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•  NOHRSC	
  started	
  inges2ng	
  CoCoRaHS	
  data	
  in	
  2006	
  
•  Since	
  2006	
  the	
  number	
  of	
  SWE	
  sta2ons	
  has	
  increase	
  from	
  

~4000	
  to	
  more	
  than	
  ~8000	
  sta2ons.	
  	
  
•  The	
  total	
  contribu2on	
  of	
  SWE	
  repor2ng	
  sta2ons	
  from	
  

CoCoRaHS	
  has	
  increased	
  from	
  18%	
  to	
  51%	
  !	
  

11%	
  
6%	
  

32%	
  

51%	
  

Unique	
  SWE	
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  2011-­‐2012	
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Ground	
  

Airborne	
  

Satellite	
  

Mul?-­‐sensor	
  Snow	
  
Observa?ons	
  

•  Snow	
  Water	
  Equivalent	
  Measurement	
  
–  Akenua2on	
  of	
  natural	
  terrestrial	
  gamma	
  

radia2on	
  by	
  water	
  in	
  snow	
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Ground	
  

Airborne	
  

Satellite	
  

Mul?-­‐sensor	
  Snow	
  
Observa?ons	
  

Airborne	
  Snow	
  Survey	
  Program	
  Flight	
  Line	
  Network	
  

295	
  Flight	
  Lines	
  
Added	
  104	
  lines	
  Summer	
  of	
  2006	
  

	
  2,478	
  Flight	
  Lines	
  
37	
  States,	
  9	
  Provinces	
  

• Integrated	
  SWE	
  over	
  ~5	
  km2	
  
(robust	
  mean)	
  

• Sample	
  over	
  eleva?on	
  range	
  

• Upper	
  SWE	
  limit	
  ~	
  1	
  m	
  

Na2onal	
  Snow	
  Analysis	
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10	
  miles	
  long	
  by	
  1,000	
  feet	
  wide	
  
(2	
  square	
  mile	
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  Flight	
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Airborne	
  measurements	
  integrate	
  shallow	
  and	
  	
  
deep	
  snow	
  packs.	
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Ground	
  ice	
  2	
  to	
  4	
  inches	
  thick	
  also	
  acts	
  like	
  snow	
  
water	
  equivalent.	
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Flew	
  over	
  800	
  hours	
  
Over	
  1500	
  Flight	
  Lines	
  
Installed	
  70	
  new	
  lines	
  



Airborne	
  Snow	
  Survey	
  

Added	
  or	
  moved	
  70	
  lines	
  2011	
  
Added	
  or	
  moved	
  105	
  lines	
  in	
  2012	
  



7/29/2011	
   Weather	
  Ready	
  Na2on	
  DRAFT	
  Proposal	
   24	
  



7/29/2011	
   Weather	
  Ready	
  Na2on	
  DRAFT	
  Proposal	
   25	
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Quick	
  Facts:	
  	
  
• 	
  Flooding	
  causes	
  $4.5	
  billion	
  worth	
  of	
  damage	
  	
  
	
  	
  	
  annually	
  in	
  the	
  U.S.	
  
• 	
  Responsible	
  for	
  75%	
  of	
  all	
  Presiden2al	
  	
  
	
  	
  disaster	
  declara2ons.	
  
• 	
  Claims	
  more	
  than	
  130	
  lives	
  annually.	
  

Flood	
  Recon	
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Observa2ons	
  alone	
  are	
  not	
  enough	
  !	
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NOHRSC	
  Snow	
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  Physics	
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Daily SWE and Snow Depth Observations are used to update the model  
If	
  paUern	
  of	
  differences	
  is	
  explainable,	
  an	
  update	
  field	
  is	
  generated	
  and	
  used	
  to	
  
nudge	
  the	
  model	
  toward	
  observed	
  states	
  

•  Uncertain2es	
  in	
  driving	
  data	
  
–  RUC2	
  precipita2on	
  under/over	
  

es2ma2on	
  
–  Typing	
  issue;	
  rain/	
  snow	
  
–  Placement	
  of	
  storm	
  track	
  	
  

	
  
•  Uncertain2es	
  due	
  to	
  model	
  physics	
  

–  Melt	
  problems	
  due	
  to	
  temperature	
  
bias	
  	
  

–  Sublima2on	
  rates	
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Satellite	
  Snow	
  Cover	
  

Fractional Satellite Snow Map 
December 2, 2007 

Assimila2on	
  Example	
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Model Over-Estimation 

Model Under-Estimation 

•  The	
  RUC2	
  categorized	
  freezing	
  rain	
  as	
  snow.	
  	
  	
  	
  
RUC2	
  Precipita2on	
  Typing	
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•  The	
  RUC2	
  categorized	
  precipita?on	
  freezing	
  rain	
  as	
  snow.	
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  Typing	
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Observed	
  –	
  Modeled	
  SWE	
  2012-­‐12-­‐17	
  06Z	
  –	
  2012-­‐12-­‐18	
  06Z	
  

Model Over-Estimation 

Model Under-Estimation 
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•  PRODUCTS	
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Integrated Modeled / Observed Snowpack State Variables 

Daily Basin-by-Basin NSA Products Shipped to Web 

1.  Snow Water Equivalent * 
2.  Snow Depth * 
3.  Areal Extent of Snow Cover * 
4.  Blowing Snow Sublimation 
5.  Surface Sublimation 
6.  Snowmelt 
7.  Average Snowpack Temperature 
8.  Rain plus Melt 

* Includes assimilated snow observations 

6,500 NWS forecast basins 

Na2onal	
  Snow	
  Analysis	
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  hour	
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Forecasted	
  Snow	
  Precipita?on	
  



Physical	
  Element	
  Map	
  Op2ons	
  













Forecast	
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  Near	
  …	
  	
  





•  Forecast	
  products	
  	
  are	
  now	
  opera2onal	
  from	
  24	
  to	
  72	
  hours	
  
•  Adding	
  basin	
  average	
  SHEF	
  products,	
  including	
  forecasts.	
  

– We	
  are	
  now	
  genera2ng	
  6	
  hourly	
  products	
  per	
  RFC	
  request.	
  
–  These	
  are	
  available	
  over	
  AWIPS	
  or	
  web	
  

•  6	
  hourly	
  GRIB2	
  products	
  -­‐	
  Available	
  via	
  rp	
  /	
  soon	
  over	
  AWIPS	
  
•  Accumulated	
  Melt	
  Grids	
  and	
  SHEF	
  products.	
  
•  Addi2onal	
  Snow	
  Data	
  inges2on	
  to	
  support	
  assimila2on	
  in	
  

Southern	
  Canada	
  including	
  por2ons	
  of	
  Quebec,	
  The	
  Great	
  
Lakes	
  Drainage,	
  The	
  Souris,	
  and	
  the	
  Red	
  River	
  Valley.	
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New	
  for	
  2013	
  Snow	
  Season	
  



New	
  Collabora?on!	
  	
  
Weekly	
  teleconferences	
  started	
  3	
  years	
  ago	
  and	
  expand	
  each	
  year.	
  
Forecast	
  offices	
  are	
  welcome	
  to	
  par2cipate.	
  	
  
New	
  weekly	
  teleconferences	
  within	
  Western	
  Regions	
  possibly	
  CBRFC	
  and	
  NWRFC	
  ?	
  
	
  





www.nohrsc.noaa.gov 
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